Introduction
Cells in vertebrate tissues are richly diversified in their morphological, biochemical and functional characteristics. Understanding the generation of such an array of cell diversity from relatively few precursor cells continues to be a major research focus in the developmental and stem cell biology fields.
The formation of a relatively complex vertebrate embryo from a simple ball or sheet of primitive cells in early development begins with the process of gastrulation [1] . What emerges during this epoch of development is an embryonic body plan with three separate germ layers: endoderm, mesoderm and ectoderm. These germ layers often appear cytologically indistinct yet among them are the primordial cells that will go on to generate the many distinct tissues of the body.
We generally refer to these primordial cells as 'tissuespecific' or 'somatic' stem cells and we ascribe three main properties to them: self-renewal, tissue-specific multipotentiality, and longevity [2] [3] [4] . Major efforts towards defining the unique properties of somatic stem cells has yielded significant insight into the identity and behavior of these cells, in the form of stem cell specific markers and their lineage potential. Nonetheless, there are some fundamental questions that remain unanswered and we believe this knowledge gap lies at the heart of the challenge to translate what we know about stem cells into successful therapies or biotechnological applications.
In this special issue of Stem Cell Reviews & Reports, we have asked some of the leading scientists in the developmental biology and stem cell biology fields to comment on a few of these fundamental questions, such as: where do stem cells come from; or, does stem cell behavior change over time, and if so how? These questions exemplify the notion of somatic stem cell ontogeny, which focuses on quantitative and/or qualitative differences in stem cell behavior through time and space. This concept is important for the simple reason that we need to know how fetal stem cells are initially generated in a given tissue, where they are located and whether they maintain the same properties and locations throughout life (e.g., reviews by L. Grabel, and Z. Burke and D. Tosh) [5, 6] .
Somatic stem cell ontogeny is a concept that deals with some of stem cell biology's more contemporary, and controversial, issues. For instance, the generative processes of somatic stem cells may serve quite distinct purposes at different life stages. Most scientists would agree that during embryogenesis, somatic stem cells have a major and widespread role in tissue formation, yet in adulthood these somatic stem cells are relatively quiescent and typically localized to rather tiny compartments within the same tissues they helped build. In some cases, it has been debated whether bona fide stem cells even exist in adult tissue compartments where they were once active during formative stages [7] , while in other cases the debate centers on whether tissues developed to contain only a single stem cell or multiple distinct stem cells that persist in adulthood [8] . It is clear that individual tissues are impacted by predictable physiological variations in growth, maturation, reproduction, and senescence, but we don't know if the identity and function of tissue-specific stem cells remains constant during these transitions. Stem cell behavior is also adaptive in response to changes to the animal's physical and chemical environment (i.e. mating and other social interactions, stress, tissue damage, or disease). However, the extent to which these adaptive responses, including regeneration, are the same at different life stages remains poorly understood.
Another issue that is receiving a great deal of attention (and rightly so!) involves the environment in which somatic stem cells reside [9, 10] . Stem cells do not exist in isolation; there is a niche that is required for proper stem cell function. This is because cellular neighbors can help to interpret physiological changes in tissues to enable an appropriate response by stem cells (e.g., review by A. Aziz, S. Sebastian, and J. Dilworth) [11] . Neighboring cells (including stem cell progeny) can also limit the extent to which stem cells proliferate, for example, through feedback inhibition. An emerging view is that the stem cell niche is a major regulator of stem cell behavior in any tissue. Nonetheless, there are many aspects of the niche that remain somewhat mysterious. For instance, do stem cells actively participate in generating and/or maintaining their cellular niche? Are the stem cells that reside with a given niche (either within or between tissues) intrinsically different, or does the niche itself impose the regional specificity of stem cell behavior? Where the presence of more than one tissuespecific stem cell seems plausible, one might ask if this heterogeneity is distributed across niches or co-existing in the same niche. Finally, for all of the above questions, one may also ask how these properties change with age.
One of the more challenging problems with understanding somatic stem cell ontogeny has been to elucidate if common or distinct molecular pathways are used to regulate stem cell behavior (e.g. proliferation) in the embryo compared to the adult [12] . There are now many examples in the literature of particular genes and their associated signaling pathways that are commonly used among various different somatic stem cell populations (e.g. Wnt and Notch signaling immediately come to mind). It is not uncommon, however, to discover that these signaling pathways regulate stem cell behavior differently in fetal tissues compared to their adult counterparts. Part of the challenge also lies in the way we study stem cells. For example, somatic stem cells may express cell surface antigens and respond to growth factors in a fairly uniform manner throughout most life stages. Thus, standard techniques for purifying stem cells and assaying for their behavior in vitro (prospectively or retrospectively) regardless of age have emerged and this might erroneously be interpreted to mean that the stem cells are essentially the same. Few studies have probed further to provide an in depth comparison of gene expression profiles or molecular signaling requirements of tissue-specific stem cells derived from tissues at different ages. These are not trivial experiments, but they are necessary if we are to glean new insight into how stem cell behavior changes throughout life.
Before we can fully benefit from a more refined concept of stem cell ontogeny, we must adopt the fact that stem cells are dynamic. More precisely, stem cell populations are dynamic (e.g., review by T. Tumbar) [13] . We can start with the notion of stem cell mobility. There are certain somatic stem cell populations that might reasonably be considered stationary (e.g. gut epithelial stem cells) and are dependent on highly localized signaling from the niche (e.g., review S. Takashima and V. Hartenstein) [14] , whereas others may have limited migratory behavior, such as cortical neural stem cells migrating ventrally to the subventricular zone along the lateral wall of the striatum [15] . Still, other examples of more dramatic migratory capacity come from studies of the hematopoietic stem cells that move throughout the circulatory system and lodge themselves into different tissues (e.g., review by W. Lensch) [16] . We do not know the extent of this behavior among most stem cell populations. For example, is stem cell migration (where present) an adaptation to adult physiology or does it also play a role during development? Stem cell populations are also dynamic in their proliferative behavior. A standard definition for stem cells is the ability for asymmetric self-renewing divisions, yet it has been very difficult to unequivocally demonstrate this phenomenon at the single cell level. Alternatively, new evidence suggests that populations of stem cells can fulfill the requirement for multilineage differentiation and self-renewal by simply balancing the extent of symmetric self-renewal of some stem cells in the population with terminal differentiation by other stem cells in the population [13] . How this process might be regulated at different life stages is not yet clear. As mentioned above, fetal stem cells help to build tissues and so it would seem that expansionary stem cell divisions might predominate during development. In contrast, in most adult tissues where the demand for stem cell contributions is less, the stem cells divide infrequently with the same balanced population dynamic, except perhaps during initial stages of regeneration.
A final thought about stem cell dynamics centers on the nature of stem cell identity. We typically envision a somatic stem cell niche to contain one (or more) stem cell with various stem cell progeny at different stages of differentiation. This lineage relationship is thought to be stable where unique stem cells persist in the niche with age. Is there an alternative to this scenario? What if the stem cell identity can be achieved transiently when required by some cells, as opposed to maintaining a unique and stable stem cell population? The notion of trans-differentiation or dedifferentiation is known to the developmental biology community (especially from the classical embryology literature), but is now permeating through the stem cell biology literature [4] . There are now several examples that would appear to challenge our entrenched view of the stem cell lineage hierarchy whereby differentiated (and post-mitotic) cells acquire the capacity to re-enter the cell cycle to generate new cells [17] , demonstrating at least some of the properties that are normally ascribed to stem cells, or where stem cell lineages become biased over time [16] . Are these simply rare phenomena or are tissues built and maintained by cells with dynamic cell fate properties? Certainly a more conservative view of somatic stem cell ontogeny would have at its core a stable, identifiable stem cell. Yet, this conceptual framework could be modified to account for cell fate dynamics with a population of cells, perhaps only those associated with a particular niche. Regardless, this is a fascinating area of investigation that will no doubt continue to be explored.
These are a few of the topics that are addressed in this special issue. We commend the contributing authors for providing us with an exceptional collection of review articles. These articles are not only thoroughly informative, but they will engage your intellectual curiosity about some of the outstanding issues related (but certainly not confined) to somatic stem cell ontogeny.
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